INTRODUCTION
for the purpose of invasion monitoring of the melon fly B. cucurbitae and the oriental fruit fly B. (Bactrocera) dorsalis (Hendel) and its relatives (the B. dorsalis complex) (Department of Agriculture, Forestry and Fisheries, Okinawa Prefecture, 1994) . Each trap was baited with a rolled piece of cotton (diameter 1 cm, length 3 cm) soaked with 2.0-2.2 g of a mixture of cue-lure (8.0-8.5%), methyl eugenol (a male attractant for B. dorsalis complex, 68.5-72.0%), an insecticide (naled or diazinon, 3.7-5.0%) and a solvent (xylene, 15.0-20.4%) , and hung on trees 1-1.5 m from ground level. To prevent ant predation of trapped insects, a piece of urethane foam coated with a sticky substance (Fuji-tangle ® , Fuji Chemicals Industrial Co., Ltd., Tokyo, or Tanglefoot ® , The Tanglefoot Company, Michigan) was set between the trap and the tree. On Ishigaki Island and the neighboring Taketomi Island, which is located close to one of the trapping points, 47 traps have been placed (Fig. 2) . These traps were checked at twoweek intervals, while the attractants were replaced at four-week intervals. The trapped insects were sent to Okinawa Prefectural Plant Protection Center (OPPPC) for sorting.
Species identification of B. tau was made based on the key provided by White and Hancock (1997) . Although the taxon B. tau in Thailand has recently been proven to contain at least seven cryptic species (the B. tau complex) that can be separated 542 S. OHNO et al. by mitotic karyotypes (Baimai et al., 2000) and allozyme electrophoresis profiles (Saelee et al., 2005) , separation of these cryptic species based on morphology has not yet been established (White and Hancock, 1997; Clarke et al., 2001) ; therefore, we treated the trapped specimens simply as a single taxon B. tau. All the trapped B. tau were deposited at OPPPC as voucher specimens.
To examine the colonization by B. tau, potential hosts were collected 61 times throughout Ishigaki Island and 29 times throughout Taketomi Island from May 1998 to September 2007. The plant species, which were referred to as hosts of B. tau at least once in the following comprehensive studies: Koizumi and Yamamoto (1972) , White and Elson-Harris (1992) , Wang (1996) , Allwood et al. (1999) , and Lin et al. (2005) , were regarded as the host candidates. Also, all congeners of the known host species of B. tau that could be found were collected. In most cases, the fruit were brought to Yaeyama Sterile Melon Fly Release Center on Ishigaki Island, and incubated at 25°C in meshed plastic boxes lined with newspaper. The fruit were dissected one to three weeks after collection, depending on the degree of ripeness, to check for fruit-fly infestation. In a few cases, the fruit were brought to OPPPC or Okinawa Prefectural Agricultural Research Center (OPARC), and kept on vermiculite as pupariation substrates in meshed plastic boxes at 25°C. The boxes were checked at least once a week for the emergence of adult fruit flies until one month after collection, at the earliest.
RESULTS AND DISCUSSION
One male of B. tau was captured in trap No. 42 from March to April 1998 ( Fig. 2) . Subsequently, three males were caught in May, and one male was caught from July to August, all in the same trap. One additional male of B. tau was captured in trap No. 40 in January 2003 (Fig. 2) . In total, six males of B. tau were collected. The traps have been in place on Ishigaki Island since 1989, the year the melon-fly eradication project was initiated in the Sakishima island group (Department of Agriculture, Forestry and Fisheries, Okinawa Prefecture, 1994). It is not possible to state unequivocally that B. tau did not invade Okinawa before 1989; however, the first detectable invasion occurred in 1998.
From 1998 to 2007, 210,742 fruit belonging to nine families were collected (see Appendix for details). Despite such extensive collection, no fruit flies were found in any of these fruit. From February 2003 up to the time of this report (January 2008), no B. tau were captured in any of the traps. These findings, together with the fact that B. tau was separately trapped during two periods (1998 and 2003) , strongly suggest that B. tau invaded Ishigaki Island at least twice but failed to colonize in either case. The trapping period in 1998 was more than three months (Fig. 2) . It seems unlikely that the catches in a single trap over such a long period were due to multiple invasion events. Rather, the founders of B. tau may have successfully produced the next generation during this period. Mean generation times measured for B. tau populations fall within the range of 33 to 59 days under 25-28°C (Yang et al., 1994a, c; Zhou et al., 1994; Chen, 2001; Liu and Lin, 2001) and were shorter under 34°C (Zhou et al., 1994) , while monthly mean temperatures from April to July 1998 on Ishigaki Island ranged from 25.1°C to 30.2°C (Japan Meteorological Agency, http://www.jma.go.jp/jma/index.html). Therefore, B. tau could have produced offspring for at least two generations during the trapping period; however, we were unable to obtain evidence of the next generation because no B. tau emerged from the collected fruit.
Taiwan should be considered the most likely possible invasion source of B. tau because it is geographically closest to Ishigaki Island within the known distribution range (Fig. 1) . In northern and eastern Taiwan, B. tau was found to be the most abundant species among several cue-lure-responding species, including B. cucurbitae (Chang et al., 2001; Chen, 2001) . Such abundance of B. tau in Taiwan could increase the chance of invasion. In several areas of China, the second closest native area of B. tau to Ishigaki Island, this species is more abundant than B. cucurbitae (e.g., Yang et al., 1994b) ; therefore, China may be the second possible invasion source. The abundance of B. tau in relation to other invasive Bactrocera species in other regions is unclear. At least in a restricted area of Thailand, B. tau seems to be much less abundant than B. cucurbitae (Chinajariyawong et al., 2003) .
B. tau may have come to Ishigaki Island by natural means (e.g., adult immigration by flight) or human-induced means (e.g., international trans-portation of infested fruit). The flight ability of B. tau has not been examined; however, other Bactrocera species can move from island to island (reviewed by Fletcher, 1989) . Males of B. cucurbitae can move more than 200 km across the sea (Kohama and Kuba, 1996) . Winds such as tropical cyclones and monsoons may have helped the longrange dispersal of adult B. tau; however, no tropical cyclones had approached Ishigaki Island at the first detection of B. tau from March to April 1998, or at the later detection in January 2003 (Japan Meteorological Agency, http://www.jma.go.jp/jma/index. html). With respect to monsoons, the dominant northerly winds from October to March on Ishigaki Island (Okinawa Meteorological Observatory, 1998) may hamper rather than help natural invasion by B. tau from southwestern regions such as Taiwan and China. In Taiwan, the seasonal occurrence of B. tau adults has one population peak in the summer (June) and another in the winter (December to January) (Chang et al., 2001; Chen, 2001) . The detection of B. tau in 2003 matched the winter peak, whereas the first detections in 1998 matched neither of the two peaks; therefore, neither the winds nor the seasonal occurrence of B. tau in a possible source area fully accounted for the observed invasions. Thus, the human-induced factor may have contributed in part to the invasions. Ishigaki Island has frequent shipping trade with Taiwan and China, and is one of the few islands in Japan having a regular passenger shipping service directly from Taiwan. Both facts might increase the chance of transportation of infested fruit.
The present results are important in that we identified a "fourth" group of quarantine fruit flies, i.e., B. tau, in Japan. In Japan, invasions by three groups of pest fruit flies have been the focus to date. The oriental fruit fly and relatives (B. dorsalis complex) and the melon fly B. cucurbitae were previously eradicated from Japan but several re-invasions have been detected in Okinawa (e.g., Department of Agriculture, Forestry and Fisheries, Okinawa Prefecture, 1994). As the third group, the solanaceous fruit fly B. (B.) latifrons (Hendel), which mainly damages solanaceous crops, colonized Yonaguni Island (the westernmost island of Japan) after its detection in 1999 (Shimizu et al., 2007) . Considering the host ranges, the pest status of B. tau in Okinawa will become higher than that of B. latifrons and comparable to those of B. dor-salis complex and B. cucurbitae. Clearly, we must be cognizant of the invasion and colonization by B. tau as well as the above three groups. Although the cause of the present colonization failures is unclear, we believe that B. tau can colonize Okinawa for three reasons. First, the potential hosts of B. tau are abundant all year long (Kohama et al., 2001) . Second, a potential competitor, B. cucurbitae, is not currently present. Third, Okinawa is located south of the northern limit of the natural distribution range of this species (Yang et al., 1994b) . We know that B. cucurbitae expanded its range throughout the Ryukyu Archipelago, including Okinawa (e.g., Department of Agriculture, Forestry and Fisheries, Okinawa Prefecture, 1994) . In China, the distribution of B. tau extends further north than that of B. cucurbitae (Liang et al., 1993; Yang et al., 1994b; Wang, 1996) , suggesting that B. tau has the potential to expand its range north of the Ryukyu Archipelago (i.e., mainland Japan). Once B. tau has colonized Japan, the serious damage to vegetable and fruit crops caused by B. cucurbitae will occur again; thus, extreme efforts to eradicate the species, as was devoted to the eradication of B. cucurbitae, will become necessary. Koizumi and Yamamoto (1972) ; 2, White and Elson-Harris (1992); 3, Wang (1996) ; 4, Allwood et al. (1999) ; 5, Lin et al. (2005) . b White and Elson-Harris (1992) included Morus sp. as a host that may correspond to M. australis.
